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Abstract

Introduction

Research has consistently reported that individuals born very preterm (VP; <32
weeks’ gestation) are at increased risk for reduced working memory (WM) perfor-
mance compared with their term born peers. However, performance on working
memory tasks are reliant on several cognitive skills, including selective attention, and
the underlying mechanism for poorer working memory following VP birth remains
unclear. The current study aimed to assess the impact of selective attention on work-
ing memory performance in young adults born VP compared with those born at term,
using an experimental task (i.e., visuospatial change detection task).

Method

Participants were 111 young adults born VP (mean age: 20.1 years) and 43 young
adults born at term (mean age: 19.9 years). They completed an adapted visuospatial
change detection task which assessed working memory maintenance with increasing
levels of selective attention demands.

Results

The VP group demonstrated slightly poorer performance in working memory com-
pared with the term born group when selective attention demands were minimal. The
working memory group difference did not increase with the introduction of greater
selective attention demands.
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Conclusion

Based on these findings, reductions in working memory performance in those born
VP compared with term born controls are unlikely to be explained by selective atten-
tion challenges. This study has important clinical implications such that it provides
important insights and evidence into the cognitive development of those born VP as
they begin to reach adulthood. Further, this research study further the cognitive phe-
notype of this population, which, in turn, may aid in the development of efficacious
cognitive interventions for this high-risk group.

Introduction

Despite advances in perinatal care, children born very preterm (VP; <32 weeks’ ges-
tation) continue to be at greater risk for cognitive challenges across the lifespan [1]. It
has been proposed that working memory is one of the primary cognitive impairments
associated with VP birth [2,3] that persists into adulthood [4,5]. Working memory
challenges have wide ranging implications as it is a core skill for higher-order pro-
cesses including language comprehension, goal setting, and mathematics [6-8].

A widely used conceptualisation of working memory defines it as a multicomponent
system that holds a limited amount of information for ongoing processing [9]. More
specifically, working memory involves several interrelated processes including the
temporary storage, maintenance, and updating of information [10]. Working memory
is essential in supporting one’s ability to hold task-relevant information in mind whilst
simultaneously performing other cognitive operations such as numerical processing,
comprehension and learning [11]. The Baddeley and Hitch model of working memory
conceptualises domain specific storage systems, such that verbal and visual work-
ing memory can be separated out [12]. More recent models are not domain specific,
instead emphasising the importance of attentional control and updating as important
features of this complex cognitive domain [13]. As is the case with many cognitive
skills, the assessment of working memory is typically compromised by task impurity
[14], with widely adopted measures of working memory also reliant on perceptual
information processing and selective attention. For example, cognitive neuroscience
research has revealed a strong relationship between selective attention and working
memory performance [15]. Attention plays a critical role in the selection of task-
relevant information to be encoded into the working memory system, a process
thought to be particularly pertinent when there is more information displayed than can
be stored in working memory [16]. To further support the interrelatedness of these two
cognitive constructs, neurophysiological studies have demonstrated top-down mod-
ulation, specifically within the prefrontal and parietal cortices, to be a neural mecha-
nism underlying both processes [15]. Furthermore, studies have utilised EEG and a
well-known working memory paradigm, the change detection task to examine certain
subcomponents of working memory such as storage and updating. This paradigm,
which was originally created to measure visual working memory storage capacity, has
since been used to isolate other discrete processes such as information filtering [17].
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By manipulating distractor demands within this task, researchers have distinguished between difficulties in storage capacity
within the working memory system, and other related by discrete processes such as filtering efficiency [18,19].

While there is strong evidence that the VP population performs poorer on measures of working memory compared with
those born at term, it is yet to be established whether this lower-than-expected performance is at least partly attributable
to attentional challenges. The VP population has been consistently shown to be at greater risk of selective attention diffi-
culties [20-22].

The primary aim of the study was to assess the impact of selective attention on working memory performance in young
adults born VP compared with those born full term (FT) using an experimental task known as a visuospatial change detec-
tion task. It was hypothesised that, should selective attention difficulties drive reduced working memory performance in
the adults born VP, a decline in working memory performance will be evident when selective attention demands increase
relative to a FT control group.

Methods
Participants

Participants were young adults assessed through the Victorian Infant Brain Study (VIBeS) cohort, an ongoing, longitu-
dinal prospective study comprised of 224 individuals (male=114 (50.9%)) born very preterm/very low birthweight (born
<30 weeks’ gestational age and/or <1250g birthweight) between July 2001 and December 2003 at the Royal Women'’s
Hospital, Melbourne, Australia. In addition, a FT control group were recruited at birth from the Royal Women’s Hospital
(n=46) or at 2 years of age from community child health clinics (n=31; male=37 (48.7%) of final term born sample). For
both groups, infants were excluded if they had chromosomal or congenital abnormalities. Individuals in the VIBeS cohort
have previously been seen for follow-up across childhood and adolescence and were contacted again at approximately 20
years of age by the study co-ordinator for follow-up. Recruitment commenced on 23 September 2021 and continued until
18" September 2023. Written informed consent was obtained from each participant at 20 years. The study was approved
by the Human Research Ethics Committee (HREC/74372/RCHM-2021) at the Royal Children’s Hospital, Melbourne.

Measures

Perinatal and demographic information. Perinatal information was obtained from hospital records at time of initial
recruitment. Familial social risk was measured at 2 years of age, utilising a composite measure that incorporated 6
variables: maternal age at birth (1 = over 21 years; 0=18-21 years), education level of primary caregiver (0 =received
tertiary education; 1=11-12 years of schooling; 2=less than 11 years of schooling), employment status (0 =full-time
work; 1=part-time work; 2=unemployed/pension) and occupation of primary income-earner (0 =professional or skilled;
1=semiskilled; 2=unskilled), family structure (0=nuclear family (i.e., two caregivers at home); 1=parents separated but
both with custody; 2 =single caregiver) and main language spoken at home (0=only English; 1=some English; 2=no
English). Scores can range from 0—12, with ‘higher social risk’ being defined as a composite score above 2 [23].

Working memory and selection attention. A visuospatial change detection task was used to differentiate working
memory and selective attention. The change detection task has been used in both healthy and clinical populations [19,24].
Traditional change detection tasks assess working memory maintenance and updating with individuals instructed to
remember the location of visually presented items. This study used a version of the change detection task similar to that
described by Li et al., 2021, which includes items with and without distractors to assess working memory performance
with different levels of selective attention demands [25]. To examine working memory performance, participants were
required to remember the position of red rectangles (targets), with working memory load incrementally increasing from
3 to 4-5 targets (Fig 1A). To assess the impact of selective attention on working memory performance, the distractor
condition was administered with 3 targets and 2 distractor blue and green rectangles (See Fig 1B).
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1000ms

Fig 1. A. Example of the stimulus presentation for a single trial of the 5-target no-distractor condition (red rectangles). B. Example of the stimu-
lus presentation for a single trial of the 3 target (red rectangles) and 2 distractor (green and blue rectangles) condition.

https://doi.org/10.1371/journal.pone.0328366.9001

The orientation of each rectangle was vertical, horizontal, left 45degrees or right 45degrees and pseudo-randomly
changed between trials. Each trial began with a 900ms fixation on the centre of the screen. A memory array of rectangles
then appeared on the screen for 1000ms. A retention phase (a blank screen) which lasts for 900ms, was followed by a
retrieval phase. In the retrieval phase, participants were presented with another array, and instructed to press a “yes” key
if they noticed a change in the orientation of the red rectangles, or a “no” key if they did not notice a change in the array.
Prior to the test trials, 10 practice trials of the 3-target block condition were administered. The task originally consisted
of 80 trials (1 block of 20 trials for the 3-block, 4-block, 5-block and distractor conditions). The task was programmed in
PsychoPy [26] and presented to participants on a Dell Windows laptop. Due to a programming fault the priming x’ did not
appear for 1 trial in both the 4 and 5 block conditions. As such we eliminated these 2 trials from analysis leaving both the 4
and 5 blocks with 19 trials each and a total of 78 trials across the task.

The following variables were recorded: Hits=responding “yes” when there is a change in the orientation of the blocks;
Misses=responding “no” when there is a change in the orientation of the blocks; False alarms=responding “yes” when there is
not a change in the orientation of the blocks; Correct rejections =responding “no” when there was no change in the orientation
of the blocks. Cowan’s K (from here referred to as K) was used to estimate the number of items stored in working memory for
each of the 4 conditions (3-target, 4-target, 5-target and distractor condition) using the formula: K = (hit rate — false alarm rate) x
set size, whereby hit rates reflects total hits/(total hits + misses), false alarm rate is total false alarms/(false alarms + correct rejec-
tions), and set size refers to the number of items to be remembered (in this case, 3, 4 or 5; [27]). Cowan’s K was preferred over
accuracy calculations as it accounts for false alarm rate, which prevents incorrectly inflated scores due to guessing. To examine
the role of selective attention demands, we calculated the difference in K between the 3-target block condition and the distractor
condition (K9f). We then also calculated the proportion of working memory maintenance that is lost to distraction (i.e., filtering
cost [28]); that is K@), This is calculated by dividing each participant’s K score by their K score on the 3-target block condition.

Statistical analyses

Data were analysed using Stata 18 [29]. Participant characteristics were summarised as means and standard deviations
for continuous variables, and counts and percentages for categorical variables.
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An a priori power analysis was conducted using G*Power (version 3.1) to determine the required sample size for a
linear regression model with one predictor (group: very preterm vs full term), assuming a medium effect size (2=0.15),
a=.05, and desired power (1 — ) =.80. This analysis indicated that a total sample size of 55 participants would be
sufficient.

To address the impact of selective attention demands on working memory performance in those born VP compared
with term born individuals, separate linear regression models were conducted using birth group as the independent
variable (i.e., VP or FT) and K9 and Kt as outcome/independent variables. Initial group differences in K for each ‘no
distractor’ condition (3, 4, 5-target block conditions) were also estimated using linear regression, with birth group as the
independent variable in all models and each ‘no distractor’ load condition used as the dependent variable in each of their
respective models. Exploratory analyses were conducted to examine whether the effects of birth group on working mem-
ory and selective attention outcomes differed by sex. All linear regression models were fitted using Generalised Estimating
Equations with an exchangeable correlation matrix and robust standard errors to account for multiple births within a family
(twins or triplets). These models were interpreted based on trends in the data. As data interpretation was not based on
p-value thresholds, these values were not adjusted for multiple comparisons.

Results
Sample characteristics

At the 20-year follow-up, 118 VP individuals and 48 FT individuals completed the visuospatial change detection task.
Complete change detection task data was available for 111/118 VP and 43/48 FT participants (reasons for data loss: 1
admin error (VP) and 11 technology error (6 VP, 5 FT). Participant (defined as those with complete change detection task
data) characteristics are displayed in Table 1. As expected, there were marked differences between VP and FT partic-
ipants on neonatal variables. Regarding sociodemographic outcomes, participants born VP were more likely to have a
primary caregiver who had not completed year 12. The VP group also had higher social risk and rates of major motor or
cognitive disability at 2 years compared with the FT controls. VP non-participants had a greater number of unemployed
primary carers, in early life (See S1). There were no noticeable differences on any assessed variables between term born
participants and non-participants (See S2). Using the same approach, sample characteristics for participants and non-
participants were compared to describe the potential impact of sample attrition and whether there was any bias in
follow-up data [30].

Working memory performance in young adults born VP and at term

In general, VP birth was associated with lower working memory performance across the 3-target block, 4-target block and
5-target block conditions, compared with the FT controls (See Table 2). However, the magnitude of difference between the
groups was small across all conditions.

Impact of selective attention on working memory performance

There was evidence of a small association between VP birth and lower working memory performance in the distractor
condition (b=-0.24, 95% CI -0.47, —0.01, p value=0.041), compared to those born at term.

To further examine the effect of selective attention on working memory performance between the VP and FT control
groups we looked at filtering cost using K, .. and K., (Table 3).There was little evidence for an association between birth

group and either K .. or K, scores, suggesting that the VP group’s performance did not decline with added distractors
relative to the control group. Whilst group means for both these outcome measures were close to 0, unexpectedly the
negative value of K, for the VP group indicates they demonstrated a slightly higher within-group working memory per-

formance with the introduction of distractors.
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Table 1. Neonatal and Sociodemographic Characteristics For All Participants.

Variable name Very Preterm Full Term
n=111 n=43

Sex (male), n(%) 59 (53.2) 21 (48.8)

Age at testing (years), M(SD) 20.1 (0.6) 19.9 (0.5)

Neonatal Variables

Gestational age (weeks), M(SD) 27.5(2.0) 38.9 (1.4)

Birthweight (g), M(SD) 970.9 (233.3) 3283.0 (523.7)

Small for Gestational Age, n (%) 11 (9.9) 0

Multiple Birth, n (%) 45 (38.9) 4 (8.3)

Postnatal corticosteroids, n (%) 9(8.2) 0

Proven necrotising enterocolitis, n (%) 5(4.5) 0

Bronchopulmonary dysplasia, n (%) 30 (27.0) 0

Confirmed sepsis, n (%) 41 (36.9) 0

Grade 3 or 4 IVH, n (%) 5(4.5) 0

Cystic PVL, n (%) 3(2.7) 0

Sociodemographic variables at 2yrs

Primary income earner unemployed, n (%) 10 (9.0) 3(7.0)

Single parent household, n (%) 9(8.1) 2(4.7)

Language other than English spoken at home, n (%) 10 (9.0) 3(7.0)

Primary carer highest education level <yr 12, n (%) 11 (10.4) 0

Higher social risk, n (%) 61 (57.6) 11 (26.8)

Major Disability at 2yrs

Confirmed Cerebral palsy 4 (3.6) 0

Blindness 0 0

Deafness 0 0

Major cognitive delay, n (%) 15 (13.5) 2 (4.6)

M=mean, SD =standard deviation, n=number, % =percentage, IVH =intraventricular haemorrhage,

PVL=periventricular leukomalacia.

https://doi.org/10.1371/journal.pone.0328366.t001

Table 2. K Between-Group Differences on the ‘No Distractor’ Conditions

Very Preterm Full Term
M (SD) M(SD) MD [95% CI] p-value
3-target block condition, K 1.90 (0.9) 2.22 (0.7) -0.31 -0.57, -0.04 0.025
4-target block condition, K 2.60 (1.1) 2.88 (0.9) -0.27 -0.62, 0.07 0.122
5-target block condition, K 2.90 (1.5) 3.39 (1.0) -0.48 -0.90, -0.06 0.034
M=mean. SD =standard deviation. MD =mean difference. 95% Cl=95% Confidence Interval.
https://doi.org/10.1371/journal.pone.0328366.t002
Table 3. Between-Group Differences on the Filtering Cost Measures: K .. & K
Very Preterm Full Term
M (SD) M(SD) MD [95% CI] p-value
Koee -0.15(0.8) -0.09 (0.8) -0.07 -0.35, 0.22 0.662
Kexro -0.26 (1.0) 0.10 (1.3) -0.36 -0.79, 0.06 0.096

M=mean. SD =standard deviation. MD =mean difference. 95% CI=95% Confidence Interval. K= 3-target block condition — distractor condition. K™

tio= Kdiff/K 3-target block condition.

https://doi.org/10.1371/journal.pone.0328366.t003
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Exploratory analyses of sex-by-group interaction

We conducted exploratory analyses to examine whether the effects of birth group on working memory and filtering effi-
ciency differed by sex. Generalised Estimating Equation models including sex, group and their interaction demonstrated
no sex-by-group interactions for any of the outcome variables (Table 4). These findings suggest that the observed effect of
preterm birth on performance, as demonstrated above, were consistent across sexes in this cohort.

Discussion

Whilst working memory and selective attention have been independently examined in VP individuals and difficulties in
these domains are widely reported, this study was the first to explicitly investigate their relationship in this population,
as they reach adulthood. As expected, we observed a trend towards lower working memory performance in those born
VP, with the greatest difference at the highest cognitive load (i.e., 5-target block condition), however group differences
were small. Importantly, we found no association between VP birth and an increased filtering cost compared with those
born full term, such that working memory performance did not differentially decline as selective attention demands were
introduced.

No meaningful decline in working memory performance was observed when distractors were introduced, in either the
VP group or the term born group. Most surprisingly, the VP group in fact benefited from the presence of distractors, as
evidenced by a negative K value. This result was most unexpected, particularly given the previous preterm research
demonstrating difficulties in selective attention and an increased vulnerability to distraction [31-34]. From a theoretical
perspective, one plausible explanation for this finding is the optimal stimulation theory [35,36]. This theory posits that an
optimal amount of arousal is required to maintain attentional focus [37]. Within clinical populations, this theory has pre-
dominantly been applied within the ADHD literature [38]. It is possible that the introduction of distractors to the paradigm
used in this study moved those born VP towards their optimal level of stimulation, thus having a positive effect on their
performance.

In the current study, whilst the VP born group demonstrated lowered working memory performance across all con-
ditions compared to the term born group, these differences were small. The paradigm used in this study may not have
been cognitively demanding enough to elicit large differences between birth groups [19]. A recent study by Suikkanen

Table 4. Main Effects of Sex and Birth Group x Sex Interactions on Working Memory Performance and Filtering Efficiency.

Outcome Predictor Coefficient (b) [95% CI] p-value
K (3-target block) Sex (female) -0.10 [-0.49 0.29] 0.600
Group x Sex 0.02 [-0.50 0.55] 0.932
K (4-target block) Sex (female) -0.10 [-0.64 0.44] 0.715
Group x Sex -0.11 [-0.81 0.59] 0.758
K (5-target block) Sex (female) 0.04 [-0.56 0.64] 0.897
Group x Sex -0.27 [-1.09 0.56] 0.530
Distractor K Sex (female) -0.04 [-0.39 0.30] 0.811
Group x Sex -0.08 [-0.55 0.39] 0.736
Ky Sex (female) -0.06 [-0.54 0.41] -0.792
Group x Sex 0.12 [-0.44 0.67] 0.680
Ko Sex (female) -0.44 [-1.24 0.36] 0.277
Group x Sex 0.34 [-0.54 1.22] 0.446

95% Cl=95% Confidence Interval. K= 3-target block condition — distractor condition. K™=Kdf/K 3-target block condition.

https://doi.org/10.1371/journal.pone.0328366.t004
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and colleagues (2021) demonstrated that VP born adults performed equivocally to term born adults on a one-back task;
another WM task of low cognitive load [39]. Similarly, Woodward and colleagues (2022) found that on a working memory
span task, the adults born VP performed at a very similar level to the term born group on the lower load conditions [5]. In
this study, as the task became incrementally more cognitively demanding, the magnitude of difference between groups
became marked [5].

There are important clinical implications from this study. The unique study design allowed us to provide initial
evidence that increasing attentional demands does not result in a disproportionate decrease in working memory
performance compared for VP young adults compared with FT controls. In fact, there was some evidence that
increased attentional demand was seen to improve working memory performance in those born VP. This finding
helps in advancing the current understanding of the cognitive phenotype of those born VP by demonstrating that
increased selective attention demands is unlikely to explain even subtle lowered visuospatial working memory
performance in this group. These findings may aid in the development of cognitive interventions for this population
[40], by beginning to tease apart the relationship between two commonly examined cognitive constructs. Further,
whilst we observed a trend of lowered working memory performance within the VP group across all task conditions,
this difference is subtle. This may indicate that, at a group level, those born VP only demonstrate marked difficulties
on the most cognitively demanding tasks in adulthood, a finding that has previously been demonstrated within the
VP literature [41,42]. This has functional repercussions as this group move into adulthood with complex responsibil-
ities and demands.

The lack of evidence for a difference in performance between males and females, as well as a lack of evidence for a
sex-by-group interaction suggests that, by young adulthood, males and females born VP may demonstrate similar per-
formance on tasks measuring working memory, as well as filtering efficiency. This is in line with other recent research,
suggesting that males born VP mightn’t demonstrate the same cognitive vulnerabilities in young adulthood as they do in
childhood, compared to their female VP counterparts [4]. However, these exploratory analyses should be interpreted with
caution due to limited power in the subgroup analyses. Future longitudinal studies will be needed to provide a greater
understanding of this developmental pathway.

Further, this study also has important implications for the design of experimental tasks and helps to understand the
threshold that may be required to start to see an impact of attention on working memory performance within certain clinical
populations.

There are several strengths of the current study. We used a well-validated outcome variable (Cowans K; [27]) that has
been widely used when examining the effect of increased selective attention demands on working memory performance in
other clinical populations, such as those with schizophrenia [43,44]. Another strength of this study is the use of a relatively
large, well-characterised geographically representative cohort of VP individuals. This study is not without limitations. It is
possible that the cognitive load and filtering cost in our experimental task was too low [19]. This warrants further examina-
tion in future studies wherein it would be most beneficial to examine whether selective attention impacts working memory
performance in those born VP in highly demanding WM tasks. It is also possible that the sequential ‘block-by-block’ design
of our task may have confounded our results by allowing for practice effects [25]. Future research would benefit from
using a counter-balanced design to eliminate the possibility of intra-individual practice effects. Due to the task demands,
we were unable to test the most impaired participants (all in the VP group). Whilst this number of individuals was very
small (n=3), it is still important that these individuals are included in research and future studies would benefit from adapt-
ing tasks to increase suitability for these individuals.

Whilst this study provides an important first step in understanding whether there are underlying cognitive mechanisms
driving working memory performance in those born VP, this is only an initial step in exploring this essential research
question. It is important to also note that role of selective attention explanation cannot be conclusively ruled out due to
null findings [45]. Replication of the current findings will be of upmost importance. Further, to improve the generalisability
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of this study, it will be important to assess this association in verbal working memory, as well as across different distractor
modalities, such as auditory distractors [46].

In conclusion, our study provides initial evidence that increased selective attention demands do not explain even small
differences in working memory performance between those born VP and term. This helps to refine the cognitive pheno-
type of those born VP and provides evidence as to their cognitive development as they begin reach adulthood. Finally,
from both a research and clinical perspective, the results of this study provide important information surrounding the
development of cognitive interventions for this high-risk group.

Supporting information

S1 Table. Neonatal and sociodemographic variables for very preterm participants vs non-participants at 20-year
follow-up.
(PDF)

S2 Table. Neonatal and sociodemographic variables for full term participants vs non- participants at 20-year
follow-up.
(PDF)

S3 Dataset. Dataset for PLOS One.
(DTA)

Author contributions

Conceptualization: Taylor Mills, Leona Pascoe, Megan Spencer-Smith, Peter J Anderson.
Data curation: Taylor Mills, Thi-Nhu-Ngoc Nguyen, Peter J Anderson.

Formal analysis: Taylor Mills, Leona Pascoe.

Funding acquisition: Peter J Anderson.

Investigation: Taylor Mills, Thi-Nhu-Ngoc Nguyen.

Methodology: Taylor Mills, Leona Pascoe, Megan Spencer-Smith, Thi-Nhu-Ngoc Nguyen, Peter J Anderson.
Project administration: Taylor Mills, Thi-Nhu-Ngoc Nguyen.

Resources: Megan Spencer-Smith, Peter J Anderson.

Software: Taylor Mills.

Supervision: Leona Pascoe, Megan Spencer-Smith, Peter J Anderson.

Visualization: Taylor Mills.

Writing — original draft: Taylor Mills.

Writing — review & editing: Taylor Mills, Leona Pascoe, Megan Spencer-Smith, Thi-Nhu-Ngoc Nguyen, Peter J
Anderson.

References

1. Twilhaar ES, Wade RM, de Kieviet JF, van Goudoever JB, van Elburg RM, Oosterlaan J. Cognitive outcomes of children born extremely or
very preterm since the 1990s and associated risk factors: a meta-analysis and meta-regression. JAMA Pediatr. 2018;172(4):361—7. https://doi.
org/10.1001/jamapediatrics.2017.5323 PMID: 29459939

2. Beauchamp MH, Thompson DK, Howard K, Doyle LW, Egan GF, Inder TE, et al. Preterm infant hippocampal volumes correlate with later working
memory deficits. Brain. 2008;131(Pt 11):2986-94. https://doi.org/10.1093/brain/awn227 PMID: 18799516

PLOS One | https://doi.org/10.1371/journal.pone.0328366  July 16, 2025 9/11


http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328366.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328366.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328366.s003
https://doi.org/10.1001/jamapediatrics.2017.5323
https://doi.org/10.1001/jamapediatrics.2017.5323
http://www.ncbi.nlm.nih.gov/pubmed/29459939
https://doi.org/10.1093/brain/awn227
http://www.ncbi.nlm.nih.gov/pubmed/18799516

PLO\S\% One

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Omizzolo C, Scratch SE, Stargatt R, Kidokoro H, Thompson DK, Lee KJ, et al. Neonatal brain abnormalities and memory and learning outcomes at
7 years in children born very preterm. Memory. 2014;22(6):605-15. https://doi.org/10.1080/09658211.2013.809765 PMID: 23805915

O’Reilly H, Johnson S, Ni Y, Wolke D, Marlow N. Neuropsychological Outcomes at 19 Years of Age Following Extremely Preterm Birth. Pediatrics.
2020;145(2):€20192087. https://doi.org/10.1542/peds.2019-2087 PMID: 31924688

Woodward LJ, Horwood LJ, Darlow BA, Bora S. Visuospatial working memory of children and adults born very preterm and/or very low birth
weight. Pediatr Res. 2022;91(6):1436—44. https://doi.org/10.1038/s41390-021-01869-w PMID: 34923577

Baddeley A. Working memory and language: an overview. J Commun Disord. 2003;36(3):189—-208. https://doi.org/10.1016/s0021-9924(03)00019-4
PMID: 12742667

Nyman A, Taskinen T, Gronroos M, Haataja L, Lahdetie J, Korhonen T. Elements of working memory as predictors of goal-setting skills in children
with attention-deficit/ hyperactivity disorder. J Learn Disabil. 2010;43(6):553—-62. https://doi.org/10.1177/0022219410375001 PMID: 20660925
Allen K, Higgins S, Adams J. The Relationship between Visuospatial Working Memory and Mathematical Performance in School-Aged Children: a
Systematic Review. Educ Psychol Rev. 2019;31(3):509-31. https://doi.org/10.1007/s10648-019-09470-8

Cowan N. The many faces of working memory and short-term storage. Psychon Bull Rev. 2017;24(4):1158-70. https://doi.org/10.3758/s13423-
016-1191-6 PMID: 27896630

Baddeley AD. Developing the Concept of Working Memory: The Role of Neuropsychology1. Arch Clin Neuropsychol. 2021;36(6):861—73. https://
doi.org/10.1093/arclin/acab060 PMID: 34312672

Baddeley A. The episodic buffer: a new component of working memory?. Trends in Cognitive Sciences. 2000;4(11):417-23.

Baddeley AD, Hitch G. Working Memory. Psychol Learning and Motivation. Elsevier. 1974. p. 47—89. https://doi.org/10.1016/
s0079-7421(08)60452-1

Cowan N. The Magical Mystery Four: How is Working Memory Capacity Limited, and Why?. Curr Dir Psychol Sci. 2010;19(1):51-7. https://doi.
org/10.1177/0963721409359277 PMID: 20445769

Shah P, Miyake A. The separability of working memory resources for spatial thinking and language processing: an individual differences approach.
J Exp Psychol Gen. 1996;125(1):4-27. https://doi.org/10.1037//0096-3445.125.1.4 PMID: 8851737

Gazzaley A, Nobre AC. Top-down modulation: bridging selective attention and working memory. Trends Cogn Sci. 2012;16(2):129-35. https://doi.
org/10.1016/j.tics.2011.11.014 PMID: 22209601

Gold JM, Fuller RL, Robinson BM, McMahon RP, Braun EL, Luck SJ. Intact attentional control of working memory encoding in schizophrenia. J
Abnorm Psychol. 2006;115(4):658-73. https://doi.org/10.1037/0021-843X.115.4.658 PMID: 17100524

Vogel EK, Machizawa MG. Neural activity predicts individual differences in visual working memory capacity. Nature. 2004;428(6984):748-51.
https://doi.org/10.1038/nature02447 PMID: 15085132

Wiegand |, Hennig-Fast K, Kilian B, Muller HJ, Téllner T, Méller H-J, et al. EEG correlates of visual short-term memory as neuro-cognitive endophe-
notypes of ADHD. Neuropsychologia. 2016;85:91-9. https://doi.org/10.1016/j.neuropsychologia.2016.03.011 PMID: 26972967

Gu C, Liu Z-X, Tannock R, Woltering S. Neural processing of working memory in adults with ADHD in a visuospatial change detection task with
distractors. Peerd. 2018;6:e5601. https://doi.org/10.7717/peerj.5601 PMID: 30245935

Breeman LD, Jaekel J, Baumann N, Bartmann P, Wolke D. Attention problems in very preterm children from childhood to adulthood: the Bavarian
Longitudinal Study. J Child Psychol Psychiatry. 2016;57(2):132—40. https://doi.org/10.1111/jcpp.12456 PMID: 26287264

Twilhaar ES, De Kieviet JF, Van Elburg RM, Oosterlaan J. Neurocognitive processes underlying academic difficulties in very preterm born adoles-
cents. Child Neuropsychol. 2020;26(2):274—-87. https://doi.org/10.1080/09297049.2019.1639652 PMID: 31304863

Wilson-Ching M, Molloy CS, Anderson VA, Burnett A, Roberts G, Cheong JLY, et al. Attention difficulties in a contemporary geographic cohort
of adolescents born extremely preterm/extremely low birth weight. J Int Neuropsychol Soc. 2013;19(10):1097—108. https://doi.org/10.1017/
S1355617713001057 PMID: 24050646

Roberts G, Howard K, Spittle AJ, Brown NC, Anderson PJ, Doyle LW. Rates of early intervention services in very preterm children with develop-
mental disabilities at age 2 years. J Paediatr Child Health. 2008;44(5):276-80. https://doi.org/10.1111/j.1440-1754.2007.01251.x PMID: 17999667

Jost K, Bryck RL, Vogel EK, Mayr U. Are old adults just like low working memory young adults? Filtering efficiency and age differences in visual
working memory. Cereb Cortex. 2011;21(5):1147-54. https://doi.org/10.1093/cercor/bhq185 PMID: 20884722

Li X, Chen X-L, Zhang Y-T, Li R-T, Bai H-P, Lui SSY, et al. Deficits in maintenance and interference control of working memory in major depression:
evidence from the visuospatial change detection task. Cogn Neuropsychiatry. 2021;26(2):122—35. https://doi.org/10.1080/13546805.2021.1871890
PMID: 33412994

Peirce J, Gray JR, Simpson S, MacAskill M, Héchenberger R, Sogo H, et al. PsychoPy2: Experiments in behavior made easy. Behav Res Meth-
ods. 2019;51(1):195-2083. https://doi.org/10.3758/s13428-018-01193-y PMID: 30734206

Cowan N. The magical number 4 in short-term memory: a reconsideration of mental storage capacity. Behav Brain Sci. 2001;24(1):87—114; discus-
sion 114-85. https://doi.org/10.1017/s0140525x01003922 PMID: 11515286

Erickson M, Hahn B, Leonard C, Robinson B, Luck S, Gold J. Enhanced vulnerability to distraction does not account for working memory capacity
reduction in people with schizophrenia. Schizophr Res Cogn. 2014;1(3):149-54. https://doi.org/10.1016/j.sc0g.2014.09.001 PMID: 25705590

PLOS One | https://doi.org/10.1371/journal.pone.0328366 July 16, 2025 10/ 11



https://doi.org/10.1080/09658211.2013.809765
http://www.ncbi.nlm.nih.gov/pubmed/23805915
https://doi.org/10.1542/peds.2019-2087
http://www.ncbi.nlm.nih.gov/pubmed/31924688
https://doi.org/10.1038/s41390-021-01869-w
http://www.ncbi.nlm.nih.gov/pubmed/34923577
https://doi.org/10.1016/s0021-9924(03)00019-4
http://www.ncbi.nlm.nih.gov/pubmed/12742667
https://doi.org/10.1177/0022219410375001
http://www.ncbi.nlm.nih.gov/pubmed/20660925
https://doi.org/10.1007/s10648-019-09470-8
https://doi.org/10.3758/s13423-016-1191-6
https://doi.org/10.3758/s13423-016-1191-6
http://www.ncbi.nlm.nih.gov/pubmed/27896630
https://doi.org/10.1093/arclin/acab060
https://doi.org/10.1093/arclin/acab060
http://www.ncbi.nlm.nih.gov/pubmed/34312672
https://doi.org/10.1016/s0079-7421(08)60452-1
https://doi.org/10.1016/s0079-7421(08)60452-1
https://doi.org/10.1177/0963721409359277
https://doi.org/10.1177/0963721409359277
http://www.ncbi.nlm.nih.gov/pubmed/20445769
https://doi.org/10.1037//0096-3445.125.1.4
http://www.ncbi.nlm.nih.gov/pubmed/8851737
https://doi.org/10.1016/j.tics.2011.11.014
https://doi.org/10.1016/j.tics.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22209601
https://doi.org/10.1037/0021-843X.115.4.658
http://www.ncbi.nlm.nih.gov/pubmed/17100524
https://doi.org/10.1038/nature02447
http://www.ncbi.nlm.nih.gov/pubmed/15085132
https://doi.org/10.1016/j.neuropsychologia.2016.03.011
http://www.ncbi.nlm.nih.gov/pubmed/26972967
https://doi.org/10.7717/peerj.5601
http://www.ncbi.nlm.nih.gov/pubmed/30245935
https://doi.org/10.1111/jcpp.12456
http://www.ncbi.nlm.nih.gov/pubmed/26287264
https://doi.org/10.1080/09297049.2019.1639652
http://www.ncbi.nlm.nih.gov/pubmed/31304863
https://doi.org/10.1017/S1355617713001057
https://doi.org/10.1017/S1355617713001057
http://www.ncbi.nlm.nih.gov/pubmed/24050646
https://doi.org/10.1111/j.1440-1754.2007.01251.x
http://www.ncbi.nlm.nih.gov/pubmed/17999667
https://doi.org/10.1093/cercor/bhq185
http://www.ncbi.nlm.nih.gov/pubmed/20884722
https://doi.org/10.1080/13546805.2021.1871890
http://www.ncbi.nlm.nih.gov/pubmed/33412994
https://doi.org/10.3758/s13428-018-01193-y
http://www.ncbi.nlm.nih.gov/pubmed/30734206
https://doi.org/10.1017/s0140525x01003922
http://www.ncbi.nlm.nih.gov/pubmed/11515286
https://doi.org/10.1016/j.scog.2014.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25705590

PLO\Sﬁ\\.- One

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

StataCorp. Stata Statistical Software: Release 18. College Station, TX: StataCorp LLC. 2023.

Vo CQ, Samuelsen P-J, Sommerseth HL, Wislgff T, Wilsgaard T, Eggen AE. Comparing the sociodemographic characteristics of participants and
non-participants in the population-based Tromsg Study. BMC Public Health. 2023;23(1):994. https://doi.org/10.1186/s12889-023-15928-w PMID:
37248482

Aasen IE, Haberg AK, Olsen A, Brubakk A-M, Evensen KAI, Sglsnes AE, et al. The relevance of the irrelevant: Attention and task-set adaptation in
prematurely born adults. Clin Neurophysiol. 2016;127(10):3225-33. https://doi.org/10.1016/j.clinph.2016.07.005 PMID: 27522488

Anderson PJ, De Luca CR, Hutchinson E, Spencer-Smith MM, Roberts G, Doyle LW, et al. Attention problems in a representative sample of
extremely preterm/extremely low birth weight children. Dev Neuropsychol. 2011;36(1):57—73. https://doi.org/10.1080/87565641.2011.540538
PMID: 21253991

Giordano V, Fuiko R, Leiss U, Brandstetter S, Hayde M, Bartha-Doering E, et al. Differences in attentional functioning between preterm and
full-term children underline the importance of new neuropsychological detection techniques. Acta Paediatr. 2017;106(4):601—11. https://doi.
org/10.1111/apa.13723 PMID: 28004417

Lean RE, Melzer TR, Bora S, Watts R, Woodward LJ. Attention and Regional Gray Matter Development in Very Preterm Children at Age 12 Years.
J Int Neuropsychol Soc. 2017;23(7):539-50. https://doi.org/10.1017/S1355617717000388 PMID: 28566104

Zentall SS. Learning Environments: A Review of Physical and Temporal Factors. Exceptional Educ Quarterly. 1983;4(2):90—115. https://doi.
0rg/10.1177/074193258300400211

Zentall SS. Theory- and evidence-based strategies for children with attentional problems. Psychol Schools. 2005;42(8):821-36. https://doi.
org/10.1002/pits.20114

Cooley EL, Morris RD. Attention in children: A neuropsychologically based model for assessment. Developmental Neuropsychol. 1990;6(3):239-74.
https://doi.org/10.1080/87565649009540465

Lineweaver TT, Kercood S, O’Keeffe NB, O’Brien KM, Massey EJ, Campbell SJ, et al. The effects of distraction and a brief intervention on auditory
and visual-spatial working memory in college students with attention deficit hyperactivity disorder. J Clin Exp Neuropsychol. 2012;34(8):791-805.
https://doi.org/10.1080/13803395.2012.683854 PMID: 22624705

Suikkanen J, Miettola S, Heinonen K, Vaarasmaki M, Tikanmaki M, Sipola M, et al. Reaction times, learning, and executive functioning in adults
born preterm. Pediatr Res. 2021;89(1):198-204. https://doi.org/10.1038/s41390-020-0851-4 PMID: 32193516

van Houdt CA, Oosterlaan J, van Wassenaer-Leemhuis AG, van Kaam AH, Aarnoudse-Moens CSH. Executive function deficits in children born
preterm or at low birthweight: a meta-analysis. Dev Med Child Neurol. 2019;61(9):1015-24. https://doi.org/10.1111/dmcn.14213 PMID: 30945271

Jaekel J, Baumann N, Wolke D. Effects of gestational age at birth on cognitive performance: a function of cognitive workload demands. PLoS One.
2013;8(5):65219. https://doi.org/10.1371/journal.pone.0065219 PMID: 23717694

Wehrle FM, Kaufmann L, Benz LD, Huber R, O’Gorman RL, Latal B, et al. Very preterm adolescents show impaired performance with increasing
demands in executive function tasks. Early Hum Dev. 2016;92:37—43. https://doi.org/10.1016/j.earlhumdev.2015.10.021 PMID: 26651084

Erickson MA, Hahn B, Leonard CJ, Robinson B, Gray B, Luck SJ, et al. Impaired working memory capacity is not caused by failures of selective
attention in schizophrenia. Schizophr Bull. 2015a;41(2):366—73. https://doi.org/10.1093/schbul/sbu101 PMID: 25031223

Erickson MA, Hahn B, Leonard CJ, Robinson B, Gray B, Luck SJ, et al. Impaired working memory capacity is not caused by failures of selective
attention in schizophrenia. Schizophr Bull. 2015b;41(2):366—73. https://doi.org/10.1093/schbul/sbu101 PMID: 25031223

Kofler MJ, Soto EF, Fosco WD, Irwin LN, Wells EL, Sarver DE. Working memory and information processing in ADHD: Evidence for directionality of
effects. Neuropsychology. 2020;34(2):127—43. https://doi.org/10.1037/neu0000598 PMID: 31613131

Guerreiro MJS, Van Gerven PWM. Now you see it, now you don’t: evidence for age-dependent and age-independent cross-modal distraction.
Psychol Aging. 2011;26(2):415-26. https://doi.org/10.1037/a0021507 PMID: 21443358

PLOS One | https://doi.org/10.1371/journal.pone.0328366  July 16, 2025 11/11



https://doi.org/10.1186/s12889-023-15928-w
http://www.ncbi.nlm.nih.gov/pubmed/37248482
https://doi.org/10.1016/j.clinph.2016.07.005
http://www.ncbi.nlm.nih.gov/pubmed/27522488
https://doi.org/10.1080/87565641.2011.540538
http://www.ncbi.nlm.nih.gov/pubmed/21253991
https://doi.org/10.1111/apa.13723
https://doi.org/10.1111/apa.13723
http://www.ncbi.nlm.nih.gov/pubmed/28004417
https://doi.org/10.1017/S1355617717000388
http://www.ncbi.nlm.nih.gov/pubmed/28566104
https://doi.org/10.1177/074193258300400211
https://doi.org/10.1177/074193258300400211
https://doi.org/10.1002/pits.20114
https://doi.org/10.1002/pits.20114
https://doi.org/10.1080/87565649009540465
https://doi.org/10.1080/13803395.2012.683854
http://www.ncbi.nlm.nih.gov/pubmed/22624705
https://doi.org/10.1038/s41390-020-0851-4
http://www.ncbi.nlm.nih.gov/pubmed/32193516
https://doi.org/10.1111/dmcn.14213
http://www.ncbi.nlm.nih.gov/pubmed/30945271
https://doi.org/10.1371/journal.pone.0065219
http://www.ncbi.nlm.nih.gov/pubmed/23717694
https://doi.org/10.1016/j.earlhumdev.2015.10.021
http://www.ncbi.nlm.nih.gov/pubmed/26651084
https://doi.org/10.1093/schbul/sbu101
http://www.ncbi.nlm.nih.gov/pubmed/25031223
https://doi.org/10.1093/schbul/sbu101
http://www.ncbi.nlm.nih.gov/pubmed/25031223
https://doi.org/10.1037/neu0000598
http://www.ncbi.nlm.nih.gov/pubmed/31613131
https://doi.org/10.1037/a0021507
http://www.ncbi.nlm.nih.gov/pubmed/21443358

